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1. 

APPARATUS AND METHOD FOR 
REGULATING BURSTY DATAN A SIGNAL 

PROCESSING PIPELINE 

FIELD OF THE INVENTION 

The invention relates to the signal processing field, and 
more particularly, but not exclusively, to an apparatus and 
method for regulating bursty data in a signal processing pipe 
line. 

BACKGROUND OF THE INVENTION 

Efficiency and flexibility are important tools in the hands of 
signal processing engineers who design the latest generation 
wireless communication handsets. Each dollar saved by 
reducing silicon area and maximizing design reuse is a dollar 
that can be applied to profit and the manufacturer's bottom 
line. In that regard, simplifying design interfaces and mini 
mizing interaction between electronic components results in 
cost savings such as reduced silicon area, power require 
ments, and design time. 
One area where such cost savings can be realized is in the 

design of signal processing pipelines. A primary function of 
signal processing pipelines is to change data rates as the data 
is being conveyed through the pipeline. For example, in cer 
tain rate-changing filter pipelines, the incoming data is down 
converted and interpolated. When pipeline interpolation is 
performed, a conventional technique used to prevent a down 
stream element from being overwhelmed by increased data 
rates is to buffer the data in the pipeline with a memory 
interface device. A typical memory interface device used to 
buffer data in a signal processing pipeline is a First-In First 
Out (FIFO) memory device, which allows each element in the 
pipeline to source or accept data at its own rate. An example 
of a conventional interpolation signal processing pipeline 
with Such a FIFO buffer device is shown in FIG. 1. 

FIG.1 depicts a simplified block diagram of a conventional 
interpolating filter signal processing pipeline 100, which 
illustrates the use of a FIFO memory element as a buffer 
device. Referring to FIG. 1, pipeline 100 includes an interpo 
lating element 102, a memory (FIFO) storage element 104, 
and a receiving element 106. Note that a first clock line 108a 
is provided to clock incoming data into the memory element 
104 at a rate compatible with that of the interpolating element 
102, and a second clock line 108bis provided to clock data out 
of the memory element 104 at a rate compatible with that of 
the receiving element 106. 

The disadvantages of existing signal processing pipelines 
are known. For example, the memory elements (e.g., FIFOs) 
typically used as buffers consume a substantial amount of 
silicon for the control logic and storage circuitry involved. In 
this regard, a relatively complex control interface is needed to 
enable both pipeline elements 102 and 106 to access the 
memory storage array (104). For systems with multiple data 
rates (e.g., each data rate associated with a different commu 
nication protocol), the memory element in the pipeline has to 
be sized in Such a way that it can handle the largest predicted 
data influx. However, if a new pipeline design is envisioned 
with different technical requirements, the memory element 
typically has to be redesigned. Consequently, in that case, the 
entire signal processing pipeline circuit has to be redesigned. 
The increased development costs incurred as a result of Such 
a redesign are disadvantageous particularly for cost sensitive 
applications. 

SUMMARY OF THE INVENTION 

In one embodiment, an apparatus is provided for regulating 
data in a signal processing pipeline. The apparatus includes a 
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2 
first element operable to determine a time interval between a 
first plurality of data samples input to the signal processing 
pipeline, and calculate a sample spacing count value associ 
ated with the time interval, a second element coupled to the 
first element, the second element operable to hold the sample 
spacing count value until the time interval between the first 
plurality of data samples is changed, a third element coupled 
to the second element and the signal processing pipeline, the 
third element operable to output a control signal to the signal 
processing pipeline, and responsive to the control signal, the 
signal processing pipeline operable to output a second plu 
rality of data samples. 

In a second embodiment, an apparatus for Smoothing 
bursty data in a signal processing pipeline is provided. The 
apparatus includes means for determining a time interval 
between a first plurality of data samples input to the signal 
processing pipeline, means for calculating a sample spacing 
count value associated with the time interval, means coupled 
to the means for determining and calculating, for holding the 
sample spacing count value until the time interval between 
the first plurality of data samples is changed, means coupled 
to the means for holding, for outputting a control signal to the 
signal processing pipeline, and means for outputting a second 
plurality of data samples from the signal processing pipeline 
responsive to the control signal. 

In a third embodiment, an apparatus for controlling data 
traffic through a signal processing pipeline is provided. The 
apparatus includes a dynamic iterative division element oper 
able to determine a period for a first plurality of data samples 
input to the signal processing pipeline, and calculate a sample 
spacing count value associated with the period, a temporary 
storage device coupled to the dynamic iterative division ele 
ment, the temporary storage device operable to hold the 
sample spacing count value until at least one of an interpola 
tion count value and the period is changed, a comparator 
coupled to the temporary storage device and the signal pro 
cessing pipeline, the comparator operable to output a control 
signal to the signal processing pipeline, and responsive to the 
control signal, the signal processing pipeline operable to out 
put a second plurality of data samples. 

In a fourth embodiment, a method for controlling data in a 
signal processing pipeline is provided. The method includes 
the steps of determining a time interval between a first plu 
rality of data samples input to the signal processing pipeline, 
calculating a sample spacing count value associated with the 
time interval, storing the sample spacing count value until at 
least one of a time interval between the first plurality of data 
samples and a value associated with a function of the signal 
processing pipeline is changed, outputting a control signal to 
the signal processing pipeline, the control signal associated 
with the sample spacing count value, and responsive to the 
control signal, the signal processing pipeline outputting a 
second plurality of data samples. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
however, as well as a preferred mode ofuse, further objectives 
and advantages thereof, will best be understood by reference 
to the following detailed description of an illustrative 
embodiment when read in conjunction with the accompany 
ing drawings, wherein: 

FIG.1 depicts a simplified block diagram of a conventional 
interpolating filter signal processing pipeline, which illus 
trates the use of a FIFO memory element as a buffer device: 
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FIG. 2 depicts an example signal processing pipeline, 
which illustrates an example use of the present invention for 
an interpolating filter pipeline; and 

FIG. 3 depicts a simplified block diagram of an apparatus 
for controlling or regulating bursty data in a signal processing 
pipeline, which can be used to implement a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

In one embodiment, the present invention provides an 
apparatus that dynamically controls or regulates bursty data 
traffic in a signal processing pipeline, which can be imple 
mented without the use of a rate Smoothing memory storage 
device. An example of such a signal processing pipeline is the 
interpolating filter pipeline 200 depicted in FIG. 2. As illus 
trated by pipeline 200 depicted in FIG. 2, an interpolating 
element 202 and receiving element 204 are shown, but no 
memory element or similar buffer device is shown. Essen 
tially, the present invention provides an active element in a 
signal processing pipeline, which dynamically calculates the 
number of clock periods needed for equidistant spacing of the 
output data samples. Thus, the present invention provides a 
signal processing pipeline that includes a more generic data/ 
data enable handshake interface element as a substitute for the 
more complicated and costly memory type interface elements 
currently being used. 

With reference now to FIG. 3, a simplified block diagram 
ofan apparatus 300 for controlling or regulating bursty data in 
a signal processing pipeline is shown, which can be used to 
implement a preferred embodiment of the present invention. 
For this example embodiment, apparatus 300 dynamically 
controls an interpolating data pipeline 302. However, the 
present invention is not intended to be so limited and can be 
used to control, regulate or Smooth the rate of bursty data in 
any suitable signal processing pipeline Such as, for example, 
pipelines for processing mathematical functions, hardware 
dividers, lookup tables, and similar other elements or devices 
that process bursty data (e.g., packet data, frame data, stream 
ing data, etc.) that needs to be controlled, regulated and/or 
Smoothed. 

For this example embodiment, apparatus 300 includes a 
dynamic iterative division element (DIDE) 304, a register 
element 306 to temporarily hold (store) the output of DIDE 
304, a comparator element 308 coupled to the output connec 
tion of register 306, and a sample period counter element 310 
coupled to the output connection of comparator 308. An 
interpolation count signal 322 is input to the divisor input 
connection of DIDE 304, an enable in signal 318 is input to 
the sync reset connection of DIDE304, and a clock signal 326 
is input to the clock input connection of DIDE 304. The 
enable in signal 318 is also coupled to the interpolating data 
pipeline 302, and an enable input connection 320 of register 
306. The clock signal 326 is also input to the respective clock 
input connections of the interpolating data pipeline 302, reg 
ister 306, and sample period counter 310. 
The output of register 306 is connected to the “B” input 

connection of comparator 308, and the output connection 328 
of the sample period counter 310 is connected to the 'A' input 
connection of comparator 308. For this example embodi 
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4 
ment, a signal is output at connection 324 of comparator 308 
if the signal at the 'A' input is greater than or equal to the 
signal at the “B” input. The output connection 324 of com 
parator 308 is connected to the sync reset connection of 
sample period counter 310, and also to the interpolator 
advance input connection 330 of interpolating data pipeline 
3O2. 

In operation, for this example embodiment, a primary 
function of DIDE 304 is to measure the period between the 
incoming samples (at data in connection 312), and calculate 
the number of clock periods needed to insert between each 
interpolated output sample (at data out connection 314). 
Essentially, DIDE 304 accomplishes this function using a 
logic function (and/or executing a Suitable software algo 
rithm), which enables a sample spacing count 316 to occur (at 
the output of DIDE 304) only after a modulo-interpolation 
count (based on the interpolation counts 322) has reached its 
terminal value. Thus, in order to output a sample spacing 
count 316, DIDE 304 performs the following calculation: 
Sample Spacing Count=Truncation(ii of clocks between each 
sample/interpolation count). Notably, DIDE304 can perform 
this calculation without the use of a separate hardware divider 
element, which is a highly cost-effective and space-efficient 
approach. 
The calculated Sample Spacing Count values from DIDE 

304 are reset synchronously whenever there is an indication 
that a new sample has been received (e.g., signal at the Enable 
In connection 318). As such, DIDE 304 operates at the same 
clock rate as the interpolating data pipeline 302. The sample 
spacing count 316 at the output of DIDE 304 is captured in an 
interface register 306 when the next indication is received 
(e.g., input at enable in connection 320) that an input sample 
period has been completed. It may be assumed that the period 
between data samples is a consistent value for a predefined 
period of time. Therefore, it may also be assumed that the 
sample spacing count value held in register 306 is constant for 
this period as well. However, the sample spacing count value 
in register 306 will change when a different interpolation 
count is received (at interpolation count input connection 
322), or the period between samples is changed. In any event, 
changes in the sample spacing count 316 will take effect after 
receipt of the first sample pair following a reconfiguration of 
the interpolating element involved (e.g., interpolating data 
pipeline 302 in this example embodiment) or input sample 
rate change. 
The comparator 308 functions primarily to constrain the 

output value of the sample period counter 310 in order to 
produce a modulo-sample spacing count counter. As such, the 
signal at the output connection 324 of comparator 308 syn 
chronously resets the sample period counter 310, and is also 
used as a control signal to advance data through the interpo 
lating data pipeline 302 (e.g., at interpolator advance connec 
tion 330). Each time this interpolator advance control signal 
(330) is active (signal from output connection 324), the next 
data sample is provided at the data out connection 314 of 
interpolating data pipeline 302. 

In this example embodiment, the present invention limits 
the advance of the interpolating data pipeline. Therefore, the 
buffer device typically located in conventional pipelines 
between the interpolating element and the receiving element 
can be eliminated, because the downstream receiving element 
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can receive data in a time-distributed fashion instead of a 
periodic burst. The actual period of the output data samples 
from the interpolating data pipeline can be predefined by 
specifying the interpolation count and the clock rate in the 
receiving element. 

Additionally, as illustrated by the example embodiment 
shown in FIG.3, the present invention eliminates the need for 
a buffer element between an interpolating element and a 
receiving element in the signal processing pipeline, which 
results in reduced silicon area and minimized complexity in 
the interface design. Also, the present invention provides a 
more flexible interpolating element that is more adaptable to 
new algorithmic designs, and which reduces development 
costs, enables the reuse of existing processing devices in new 
products, and thus minimizes time to market. More broadly, 
the present invention provides an approach in which data 
being generated in a data pipeline from samples already 
present in the pipeline can be presented to a downstream 
element in a controlled way. In this manner, the present inven 
tion provides an approach that controls and/or regulates 
bursty data in signal processing pipelines. 

The description of the present invention has been presented 
for purposes of illustration and description, and is not 
intended to be exhaustive or limited to the invention in the 
form disclosed. Many modifications and variations will be 
apparent to those of ordinary skill in the art. These embodi 
ments were chosen and described in order to best explain the 
principles of the invention, the practical application, and to 
enable others of ordinary skill in the art to understand the 
invention for various embodiments with various modifica 
tions as are Suited to the particular use contemplated. 
What is claimed is: 
1. An apparatus configured to regulate data in a signal 

processing pipeline, the apparatus comprising: 
a first element configured to determine a time interval 

between a first plurality of data samples inputted to the 
signal processing pipeline, and calculate a sample spac 
ing count value associated with the time interval after a 
modulo-interpolation count has reached a terminal 
value; 

a second element coupled to the first element, the second 
element configured to hold the sample spacing count 
value until the time interval between the first plurality of 
data samples has changed; 

a third element coupled to the second element and the 
signal processing pipeline, the third element configured 
to output a control signal to the signal processing pipe 
line to advance data through the signal processing pipe 
line when a sample period count value associated with 
the time interval is greater than or equal to the sample 
spacing count Value. 

2. The apparatus of claim 1, further comprising a sample 
period counter element coupled to the third element, the 
sample period counter element including an output connected 
to an input of the third element and configured to generate the 
sample period count value. 

3. The apparatus of claim 1, wherein the signal processing 
pipeline comprises at least one of an interpolating filter pipe 
line, a pipeline for processing mathematical functions, a hard 
ware divider pipeline, and a pipeline for processing lookup 
table data. 
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6 
4. The apparatus of claim 1, wherein the first element 

comprises a dynamic iterative division element. 
5. The apparatus of claim 1, wherein the second element 

comprises a register. 
6. The apparatus of claim 1, wherein the third element 

comprises a comparator. 
7. The apparatus of claim 1, wherein the first element is 

configured to calculate the sample spacing count value by 
dividing a number of clock periods between each inputted 
data sample by a count associated with a function of the signal 
processing pipeline. 

8. The apparatus of claim 1, wherein the first element is 
configured to calculate the sample spacing count value by 
dividing a number of clock periods between each inputted 
data sample by an interpolation count. 

9. An apparatus configured to Smooth bursty data in a 
signal processing pipeline, the apparatus comprising: 
means for determining a time interval between a first plu 

rality of data samples inputted to the signal processing 
pipeline; 

means for calculating a sample spacing count value asso 
ciated with the time interval after a modulo-interpola 
tion count has reached a terminal value; 

means for holding the sample spacing count Value until the 
time interval between the first plurality of data samples 
has changed, the mean for holding coupled to the means 
for determining and calculating: 

means for outputting a control signal to the signal process 
ing pipeline to advance data through the signal process 
ing pipeline responsive to the control signal when a 
sample period count value associated with the time inter 
Val is greater than or equal to the sample spacing count 
value, the means for outputting coupled to the means for 
holding. 

10. The apparatus of claim 9, further comprising: 
means for counting a sample period, the means for count 

ing coupled to the means for outputting. 
11. The apparatus of claim 9, wherein the means for cal 

culating comprises means for dividing a number of clock 
periods between a plurality of data samples by an interpola 
tion count value. 

12. The apparatus of claim 9, wherein the means for deter 
mining and the means for calculating comprise a dynamic 
iterative division element. 

13. An apparatus configured to control data traffic through 
a signal processing pipeline, the apparatus comprising: 

a dynamic iterative division element configured to deter 
mine a period for a first plurality of data samples input 
ted to the signal processing pipeline, and calculate a 
sample spacing count value associated with the period 
after a modulo-interpolation count has reached a termi 
nal value; 

a temporary storage device coupled to the dynamic itera 
tive division element, the temporary storage device con 
figured to hold the sample spacing count value until at 
least one of an interpolation count value and the period is 
changed; and 

a comparator coupled to the temporary storage device and 
the signal processing pipeline, the comparator config 
ured to output a control signal to advance data through 
the signal processing pipeline when a sample period 
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count value associated with the time interval is greater 
than or equal to the sample spacing count value. 

14. The apparatus of claim 13, further comprising a sample 
period counter coupled to the comparator. 

15. The apparatus of claim 13, wherein the apparatus com 
prises a plurality of logic devices. 

16. A method for controlling data in a signal processing 
pipeline, comprising the steps of: 

determining a time interval between a first plurality of data 
samples inputted to the signal processing pipeline; 

calculating a sample spacing count value associated with 
the time interval after a modulo-interpolation count has 
reached a terminal value; 

10 

storing the sample spacing count value until at least one of 15 
a time interval between the first plurality of data samples 
and a value associated with a function of the signal 
processing pipeline is changed; and 

outputting a control signal to the signal processing pipeline 
to advance data through the signal processing pipeline 

8 
when a sample period count value associated with the 
time interval is greater than or equal to the sample spac 
ing count value. 

17. The method of claim 16, further comprising comparing 
the sample spacing count value with a sample period count 
value. 

18. The method of claim 16, wherein the signal processing 
pipeline comprises at least one of an interpolating filter pipe 
line, a pipeline for processing mathematical functions, a hard 
ware divider pipeline, and a pipeline for processing lookup 
table data. 

19. The apparatus of claim 8, wherein the interpolation 
count is obtained from an input signal. 

20. The apparatus of claim 13, wherein the modulo-inter 
polation count is calculated according to an interpolation 
count input signal. 
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